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- maximum veloeltJ' by 
direction. 

Station. - 
N. N E .  E. SE. 8. SW. W ' N W .  
----- - ---- 

Relative frequency by direction. 

N. NE. E. SE. 6. SW. W. NW. 

1 Indicates prevslllng direction. 
NnTR.-Dat8 from the following stations is missing. For Cape May April July and 

1919:'for Hatteras, dctobc;, 1918: for t 1918 January February and Marc 
% ~ h l e , ' J a m a r y ,  kebruary, h r c h ,  and!kpnl, 1915. 

THE ACCURACY OF WIND OBSERVATIONS IN LARGE 
CITIES. 

By G .  HELLMANN. 

[Abstracted from BerichtILber dle Tlltiekelt des Preusdwben MeteorologkchenImtituts 
in den Jahren 1917, lelg 1919, pp. 24-3.1 

The necessity of observing the direction of the wind 
from wind vanes has led to the placing of vanes on builcl- 
ings in cities which are but oorly esposed to the wind, 

from adjacent buildings, they not only fail to agree in 
results with those exposed openly but dso disagree with 
other poor1 ex osed vanes. 

The autcor \as investigated this question for five 
years, 1911-1915, at three stations located in Berlin. 
The Urban municipal hospital is located near the south 
limit of Berlin, the Agricultural high school is 4.5 kilo- 
meters northwest of Urban, and a third station located 
in Seestrasse was 3.1 kilometers northwest of the high 

and, being influenced by e B dies and deflected currents 

school on the northwest limit of Berlin. The relative 
number of wind directions recorded by the three stations 
in those years is as follows: 

- 
[ N. (NE./ E. ( S E . 1  8. ISW.1 W. l N W . ( C a l m .  

I I I I I I I I I  

Most. conspicuous in t.his t,aMe are tlie differences be- 
t w c n  t.lie three st,at,ions with sout,li and with northeast 
winds. The Urban st:at,ion recorded about twice as many 
south winds as the high scliool, while t,he Seest.rasse sta- 
tion recorded t.hree t,iines as ninny nort.heast winds as 
the T.3ban st.itt,ion. This is probabt!. due to the situation 
of these stat,ions w4t.h respect, to the city. Seestrasse, on 
the nort~liwest recoived .more northeast winds; Urban, on 
the sout.11, had a preponderance of south winds. 

Of inter&, also, are records made between 1775 and 
17S7 within Berlin, which, then, of course, was much 
smaller t.hnn now. One observer was Beguelin, who 
observed from the old observatorf in Dorotheenstrasse 
for the Acadenl:\- of Sciences, and the other was Gronau, 
the niinist.er of the Parochidiirclie, who observed the 
vane on his cliurch stee le. The two points lay about 
1.5 kiloniet.ers apart. $heir records show very poor 
agrcement as t.0 frec uenq;. Tho best agreemmt occurred 
in t,he months of Mnv, June, and July when tlie north 
wind is prevailing. Throughout the p a r  Gronau had 
more southwest winds than Be elin, and, in general, 

inore north, south, and southeast winds. 
These records show how unreliable are man of the 

records of wind directmion obtained in cit.ies. T i e  obser- 
vat,ions of Beguelin and Gronau show also that record- 
ing inst.runient.s are essent.id, for t.lieir best agreement 
was in t.liose months when long dK -1i ht and clear weather 
n.ic1c.d their observing in qorning an$ evening.--0. L. -11. 

he dso recorded more west win CK" s, while Beguelin noted 

QROUND TEMPERATURES COMPARED WITH AIR TEMPERATURES IN A SHELTER. 

BY GEORQE REEDER. 
[Weather Bureau, Columbia, Ma, Oct. 19,19!20.] 

SYNOPSIS. The thernionieters were placed, with the bulbs artly, but 
A of obwrvatiom ma& at the United States Weat.her not whelk-, C o v e r e d ,  poilltillg to the llorth. Or rOteC- 

Bureau Ststion, Uniwrsity of Missouri, Columbia, during the months t,ion from int.erference and accidents, the three Pg be s were 
of September and October, 1907, to determine llow much exposed covered lvit.11 a st,rong 3-inch mesh w4re cage, the four thennometere on the ground differed from sheltered themornetem 11 

made, one of bare soil, one of blue-gma sod, and one of sand. Obser- vations were made with the dy; b d b  thermometers at 3 
vations made during the passwe of cumulus clouds md upon the effect p. ni. and sunset. and each morning with the minimum 
of a shade area 20 feet distant showed that all the instruments tliermomet,er. 
responded to cloud shadoys.. but that only ground thermonieters 
showed the effect of the buddmg shadow. The latter shadow caused The accon1pnnying tables and dia,ram show that 
a perceptible movement of air toward the sunlit area. This paper during September nights bare soil cools slower than 
serves to present the collected data from these observations. either sod or sand. Generally, it was cooler on the 

ground during clear nights than in the shelter; during 
calm, clear, dewy nights bare soil was the warmest, as a 
rule. In the middle of the day during September, under 
bright sunshine, hare soil and sand went to higher tem- 
peratures than the sod: and the temperature changes 
with the passage of a cloud also were greater on bare soil 
and sand than on sod. During cloudy, damp weather 
round-surface temperatures were moderate and varied 

was quite marked after September 20. 
The warmest period was from Se tember 11 to the 

lntli, inclusive (see fig. 1). The let! was the warmest- 

feet above *e T~ test the problem further, three beds ,,.ere COrller Wires being driven illto the ~OUnd. The obser- 

RESULTS. 

Equi.pment.-The equipment consisted of niasiniuni, 
minimum, wet and dr,- bulb t,hermomet.ers and n t,hernio- 

a h, in the shelter, and of one miniiiiuni and one dy: 
The beds con- 

sisted of small adjoining plots of bare soil, blue-grass sod, 
and sand, each 18 inches s uare. The shelter, which 

above the ground. The beds lay on t,he south side of t,he 
shelter so that on bright d t r~s  the s1ielt.er shadow was 
thrown awal- from the thermometers esposed in t,he beds. 

thermometer on each of three beds. 

wai of the usual Weather Jureau t;.pe, stood 11 feet Q ut little. The loss of heat from the bare soil surface 
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BIIni- 
mnm. 

day. On that date soil, sod, and sand, and the shelter 
startod off with about the same temperature, liamely, 
67.4", 66.5", 66.5', and 69' F., respectively. By 2 p. m., 
the highest point had been reached, the thermometer on 
the hare soil reading 121.5'; on the sod, 109'; on the 
sand, 126", and in the shelter, 91' F. At sunset, the 
readings were, soil S 2 O ,  sod, 76", sand, S5', and.shelter, 
84" F. 

During October ni hts, soil seems to be more retentive 

little from sod in this res ect. In the middle of the day, 
of its warmth. San % cools more readily, but differs but, 

sand is the warmest an B s3d the coolest. Sand is the 

%M-- - - - - - - 
I \  

Naxi- 
nlum 

I 2  
p.m.) 

Fio. 1.-2 p. m. (about maximum) andmlnimumbmpersturea during September. IWi. 
m shelter aud.m various kinds of earth. 

warmest under nearly all conditions. even when covered 
by leaves. After the first week, the sod began to turn a 
gra ish brown. 

&e cooling effect of radiation from the thermometer 
shelter was indicated, as usual,' by lower temperatures 
in the shelter then on ground on dear nights. The fii.st 
autumn frost seemed to cause more dam e several, sap 
10 to 15, feet above oTound than imm%ately on the 

ound; tops of smaf trees, and the tassels and top 
Kades of corn, appeared to be damaged first, evidently 
because radiation from lower, sheltered portions was 
limited. 

During the' middle of the day in October, the air in 
contact with sod was consistently cooler than the air in 
the shelter 11 feet above ground: and on one day, the 
26th (a rainy day), it was cooler in the shelter than on 
the ground, including soil, sod, and sand. 

E$ecfs of deep shade and prrssiq clouds.-A few ohser- 
vations were made to determine what effect near-by 
shade and the shadows cast by passing cumulus clouds 
had on the ground-surface thermometers during a warm 
September spell. 

A building south of my experimental plot cast a deep 
shade within about 20 feet of the thermometers on the 
ground. During the hot spell of September, there was a 

-- 

CL MONTELY WEMEEB REVIEW, February, 1918,46: 69-70; May, 1920,48: 271-27?. 

~ 

Foil. ............... 
Pod ................ 
Sand ............... 
Fhelter.. ........... 

noticeable movement of air on the ground from the shade 
out into the sunlit area. This was determined byplacing 
light feathers just inside the shade line. During the 
hot relatively calm days these featheix moved out into 
t.he warm area as far as ancl beyond the thermometer 
beds. The instruments were sensitive enough to respond 
to the cooler shade air. 

During passing cumulus. clouds the drop in tempera- 
ture was marked, and. thls serves to show that every 
passing cumulus cloud in summer, when it is dry and hot, 
nffortls relief to the parched hot earth. It will be noticed 
that passing clouds not only caused a drop in tempera- 
ture as recorded by the ground thermometers, but also 
affected the shelter temperature. although to a smaller 
estent. The movement; of the cooler ground shade air, 
however, only affected the ground thermometers, the air 
in the shelter showing no change. 

TABLE 1.-Temperatures on. rwiowr types of days. 

__ 
F. 

.%. 1 
53.6 
51.5 
51.3 

I Rain. 

F. 
M.9 
.W.O 
46.0 
46.0 

a F. F. F. F. F. 
91.5 64.0 66.5 11i.5 M.!l 
89.5 61.0 66.0 101.0 7'1.9 
90.0 65.9 65.2 117.0 85.0 
i3.0 W.0 66.6 89.0 63.8 

. 
Boil ................. 
Fori ................. 
Sand ............... 
Shrlter. ............ 

' F. 
m. 9 
6i .  0 
6i. 9 
65.1 

OF. O F. F. F. e F. 19 
4 i . 2 1  35.5 11.7 44.91 31.6 13.3 
41.1 ,  31.6 12.5 41.0 29.5 11.5 
49.0; 30.7, 18.3 46.0, 26.3 19.7 
52.21 I 32.0 20.5 47.5 I 25.S 22.0 

Sun- 
set. 

O F .  I O F .  I OF. 
soil ................. I si .51  9 i . i  89.i 
Sod ................. 56.2 
<and ............... 1 54.6 I 
shelter. ............ I 53.6 I i i . 0  i1.4 1 

F. 
54.0 
54.5 
53.1 

.s. n 

- 

OF. * F. a F. 
45.1 6R.9 8 . 5  
43.0 66.2 51.3 
4 2 8  71.2 54.3 
41.9 64.1 58.3 

Clear. 

Bright sun- 
dlately 

cloud. 

Sept. 15. 

Wrt ground. 1 Dry Rroimd. 

p 8. of 
brlght sun- 

following 

co%kl Amount Shineimme- Amount 
4m 6'; fell offall. diately. ofrise. 

'0- cloud. 

Maxl- Maxi- 

p. m.). p. m.). 

soil ......................... 
Sld s;mn ........................ 
Slieltw. ..................... 

......................... 
OF. OF. OF. "F- "F . 

119.0 111.0 8.0 116.2 5.2 
106.0 1w.n 5.0 io1.n 2.0 
119.0 1in.n n.n 113.8 3. R 
s i .  0 .,!w.n 1.0 1. a 0.2 

TABLE 2.-Totiperaticres at tim of .first killing frost. 

s u n k . '  \minimum.I "'1. 
I OCt 11 I Oct.12, I 

TABLE 3.-Monthly anwages of temperatecrea. 
.- ~ ~ - 

September. October. I 

I 

T a e L E  4.-Tempaatures in bright sunshine, and whni the 8U¶ is obsncted 
h!l ctmulzca cloud#. 

............ .... .... _.. 

I ' -1 1 - 
Wind velscity. in. p. h., 2: direction, south. 
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Sept. 18. 

The following comparative readings were made under 
similar conditions, except the sun was covered 5" 30". 

S W . o f  I 
bright SUD- 

following 
S& Stym-!ell , offall. diately olrise. 

Brightsun- 
sh&emuna covered Amount shinelmme Amount 

cloud. , 
i 

cloud. 

j OF. 
P il. ........................ 19.2 
Sod ......................... 108.0 
Sand ........................ 1az.o 
Shelter.. .................... 

OF. 
90.5 8.5 103.7 4.2 
113.0 9.n 121.8 8. F 
RR. 2 1.9 a 0 4  2.1 

~ 

Wind veloelty, m. p. h., a: direction, swth. 

C'ompcantiue readings in bright simshiiu ezinrj 15 minutes, Pept. 16 

St11 ........................ 
Sod ........................ 
Rand ....................... 
Shelter ..................... 

-- 1 1:oO 1 1:15 I 1:30 
p.m. p. m. p. m. 

OF. OF. 'F. 
118.0 118.5 121.5 
10.0 108.5 10.0 
121.5 121.5 125.0 
89.0 89.0 S9.5 

OF.' 1 OF. 
121.5 121.5 

135.5 128.0 
107.5 1w.n 

91.01 91.0 

OF. OF. 
119.s 1.0 

122.0 1.5 
91.0 ........ 
10.1.5 1.4 

I I 

WInd veldty, m. p. h., 2; dirertion, soiithwest. 

Caniparative rcadingr in bright sunshine e11mj 5 niinutes, Sept.  17 an3 18. 

Soil ........................ 
Sond ....................... 
Shelter ..................... 
Sod ........................ 

- i-l-I---l--l---l-l--- 
OF. "F. '2. OF. OF. OF. OF. 
119.5 119.0 119.5 120.8 107.0 104.2 3.1 

122.0 121.0 121.9 124.S 121.0 1JY.0 1.9 
0.4 80.4 91.0 91.6 91.6 90.9 0.2 

101.5 104.2 ic5.0 imo 101.0 101.0 1.2 

'rnt.18 
- 
Soil ................ 
s3d ................ 
Sand .............. ............ 

Wind velority, m. p. h., 3; dirwtlon, southwest. 

1:s 1:35% 1:40 1:45 1:50 1 1:55 200 hwrWr. saria- p.m: p.m. p.m. p.m. p.m. p.m.1 p. m' bilitg. 

OF. OF. OF. OF. OF. OF. OF. "F. 
118.0 114.1) 116.6 119.7 119.0 117.0 121.0 2.1 

__ -. -_ - - -- 

........ 

0.42 

5.0 
5.5 
6.1 
6.6 

I I I I I I 1 -  I 

Wind veloClty, 2; directlon, south. 
1 Movement of cooler shade temperature to thermometer Iwds. * Passing cumulus cloud. 

0.44 
-- 

4.6 
LO 
5.5 
6.1 

THE COOLINO OF THE SOIL AT NIOHT, WITH SPECIAL 
REFERENCE pro LATE SPRING FROSTS. 

By T. BEDFORD PEANKLIN. 
[AMr&ed irOm Pmeedinqu of Lhr Royal SmWy o Edinaclrgh, swion 191420, Vol. 

XL, Pt. I, pp. lo-d] 
' In  8 previous paper' Dr. Franklin came to the conclu- 
sion that the temperature of the surface of open cultivated 
soil fell rapidly a t  the be ning of a calm, clear night, 

perature at the 4-inch de th as to make theupward 
conduction from that dept R to the surface balance the 
radiation. After this stage was reached the surface and 
4-inch tern eratures fell a t  the same rate. . 

depth and the conductivity of the layer of soil between 
the 4-inch depth and the surface were known from read- 

. ings of elechcal resistance thermometers, and the rate 

until it was such a num 8" er of degrees below the tem- 

If, there P ore, the temperatures of the surface and 4-inch 

of radiation was calculated from the value of the relative 
humidity, he suggested that it might be .possible to fore- 
cast the minimum soil temperature for a calm, clear night 
as early as the previous afternoon. 

In this second paper Dr. Franklin ives a formula for 

compares this minimum with the air temperature imme- 
forecasting the minimum surface-soi Y temperature and 

diately above. 
- 

He found that the conductivitv of this surface laver of 
soil varied so greatly with different de ees of witness 
that an average value could not be u s e 8  He therefore 
has adopted, instead, the ratio of the r 
ture at  the 4-inch depth and at  the s%kz!$E%erE 

R expreases by -I* Ro 
The quantities required for the forecast equation are: 

(1) The value of !% from m i n i m a  to maximum, 
wlich can be obtained by about 5 or 6 o'clock p. m. 

(2) The lag on the day in question; this may be ob- 
served by about 5 or 6 p. m., or may be found f r ~ m  the 

(3) The estimated relative humidity of the coming 
night. 

(4) The 'number of degrees (e) which the surface can 
fall below the 4-iach temperature before the upward 
conduction balances the radiation; this depends on 
and the relative humidity. 

(5) "he probable difTerence between the air )ninjmum 
over open-soil and the surface-soil minimum. 

1. Observations show that the ratio of -I averages 0.42 
immediately after a rain and 0.23 In dry soil. Inter- 
mediate results were found with varying amounta of soil 
moisture. These figures are for the articular soil and 

believes that only slighfi variations would be found at 
different places in the same type of soil. While he has 
not fully mvestigated the ratio in different soil types, he 
is of the opinion that the ratio will v between 0.44 
and 0.28 for loam, 0.60 and 0.41 for sx, and 0.41 and 
0.35 for clay under similar weather conditions. 

2. The lag between the 4-inch and the surface tempera- 
tures varies from 34 hours when $ equaled 0.44 to 54 
hours when the ratio was 0.20 and was fairly proportioned 
between these ratios. 

3. The connection between -', the relative humidity, 
and the number of degrees centgrade (0) which the sur- 
face can fall below the temperature of the 4-inch depth 
before the upward conduction balances the radiation is 
shown in the following table: 

~ u € S  os e in O C. 

RO 

R values of--'. RO 

R, K 

R 
R, 

location where the records were ta i en. Dr. Franklin 

R 
0 

R 
E? 

R 
Ro values of 2 

Relative humidity. 1 0.36 1 0.38 
I---- 

Wpercent ......... ao 
80 peseent ......... 
lopereent ......... 
6Opercent ......... 7.8 

aro - 
L5 
8.0 
6.6 
7.2 
- 


